Abstract: Heavy metal pollution is one of the major ecological concerns worldwide which pose threat to plants as well as animals.
Introduction
Rapid industrialization and urbanization around the world have led to the pollution of environment with various toxic and hazardous materials that are the major challenges of 21 st century. Heavy metal pollution is one of the major ecological concerns due to its direct impact on plant productivity. Large areas of the world have been contaminated with organic and inorganic pollutants. Organic pollutants are mostly anthropogenic in origin and are released into the environment via solvent and fuel spills, military operations, agricultural practices, and industrial activities. Inorganic pollutants, on the other hand, occur as natural elements in the Earth's crust. Inorganic pollutants can be plant macronutrients such as nitrates and phosphates, micronutrients such as chromium (Cr), copper (Cu), iron (Fe), manganese (Mn), molybdenum (Mo), nickel (Ni), zinc (Zn), nonessential elements such as arsenic (As), cadmium (Cd), cobalt (Co), mercury (Hg), lead (Pb), vanadium (V) etc. and radionuclides such as 238U, 137Cs, and 90Sr [1, 2] . Environmental contamination by pollutants whether organic or inorganic, directly or indirectly affects the human health, productivity of agricultural lands, and also the stability of natural environment [3] . Extensive contamination of agricultural lands has significantly decreased the extent of arable land available for cultivation worldwide. Hence the present scenario on the worldwide problems of environmental pollution demands immediate attention towards the remediation and detoxification of these toxic and hazardous pollutants in order to have clean, green and safe environment. Therefore, the sincere efforts have been made to search the less polluting and cost effective environment friendly technologies. In this regard in recent years, the phytoremediation technology being as an effective and low cost alternative to conventional remediation technologies has gained much more attention towards the clean-up of environment polluted by a broad range of toxic and harmful materials.
Phytoremediation is an eco-sustainable and cost effective green strategy for the conventional clean-up technologies that often needs high investments, huge energy expenditure and much labour. It could be considered as a long-term process that can be easily applied around the tannery complex and contaminated sites. It is also an in situ remediation technology that uses the inherent potentials of plants to remove the toxic heavy metals such as Cd, Cr, Ni, Hg and As etc. from contaminated soils [5] [6] [7] . In developing countries, treated and untreated waste water is commonly used for the irrigation of agricultural land. Long-term irrigation results into the accumulation of metals and that change the quality of soil. Therefore, remediation of heavy metals from the contaminated sites by using green technology is a suitable approach [8] .
The natural/geological and anthropogenic activities are the major sources of heavy metal pollution. Heavy metals are easily taken up by the plants through their roots and transported to other aerial parts. Uptake of these metals depends on several factors such as soil pH, temperature, organic contents, presence of chelating agents etc. Among various soil factors, soil pH being the most important factor to affect the availability of heavy metals. The success of metal remediation process depends on those plants which can accumulates desired levels of metal concentration in their aerial parts (100-1000 folds) without any visible symptoms and these plants are termed as hyperaccumulators and the phenomenon is termed as hyperaccumulation. About 500 plant species have metal hyperaccumulation characteristic, among these approximately 0.2 % belong to angiosperm [9] . The ideal plants for phytoremediation should have the ability to accumulate high metal content, tolerate high salt concentration, having fast growth rate, higher biomass production, easily harvestable and must translocate metals to their above ground parts efficiently [6] . For selecting model plant species for phytoremediation, the ratio of metals between soil and plant parts (metal transfer factor) is measured and this ratio should be more than one. It means higher accumulation of metals in plant parts than soil [10] . Gupta et al. [11] Phytoremediation is use of special type of plants to decontaminate soil or water by inactivating metals in the rhizosphere or translocating them in their above ground parts. These new techniques have several advantages such as cheap and aesthetically pleasing (no excavation require), efficient and a more environment friendly means of remediating metal polluted sites [23] .
There are several categories of phytoremediation technologies so far recognized these includes-1) Phytoextraction or phytoaccumulation: It is the process used by the plants to accumulate contaminants from soil into root and to above ground shoots and leaves (0.01 to 1 % dry weight, depending on the metal). This technique yields a mass of plants and pollutants that must be transported for recycling. Usually, the shoot biomasses are harvested for proper disposal in special site or are burnt to recover the metal. Elsholtzia splendens, Alyssum bertolonii, Thlaspi caerulescens and Pteris vittata are known examples of hyperaccumulator plants for Cu, Ni, Zn/Cd and As, respectively [24] . 2) Phytodegradation or phytotransformation: It refers to the uptake of organic contaminants from soil, sediments, or water and, subsequently their transformation to more stable, less toxic or less mobile forms via the action of various enzymes produced by the plant tissues. Populus species and Myriophyllium spicatum are examples of plants that have these enzymatic systems [25] . 3) Phytostimulation: It is the plant assist bioremediation wherein stimulation of microbial degradation takes place. The application of phytostimulation is limited to organic contaminants. The microbial community in the rhizosphere is heterogeneous due to variable spatial distribution of nutrients, however species of the genus Pseudomonas are the predominant organisms associated with roots [26] .
4) Phytovolatilization:
In the process of phytovolatilization plants are used to absorb the contaminants from the soil and transferred it to volatile forms and finally into the atmosphere through transpiration process. In laboratory experiments, tobacco (N. tabacum) and a small model plant (Arabidopsis thaliana) that had been genetically modified to include a gene for mercuric reductase converted ionic mercury to the less toxic metallic mercury (Hg (0) and volatilized it. This technique can also be used for organic compounds.
5) Rhizofiltration:
Rhizofiltration involves the decontamination of polluted waters and sewage by adsorbing or up taking roots of plants. Rhizofiltration is similar to phytoextraction, but the plants are used primarily to address contaminated ground water rather than soil. The plants to be used for cleanup are raised in greenhouses with their roots in water rather than in soil. Many plants such as sunflower, Indian mustard, tobacco, rye, spinach, and corn are able to remove lead from water.
6) Phytostabilization: It is the technique in which plants
reduce the mobility and migration of contaminants and contaminated soil through absorption and precipitation by plants, thus reducing their bio availability. It is very effective when rapid immobilization is needed to preserve ground and surface waters. This process reduces the mobility of the contaminant and prevents migration to the ground water or air, and it reduces bioavailability for entry into the food chain. Species of genera Haumaniastrum, Eragrostis, Ascolepis, Gladiolus and Alyssum are examples of plants cultivated for this purpose.
7)
There are some other strategies, which are considered as the categories of phytoremediation by some authors, but actually, they are mixed techniques or variations of the above mentioned strategies. These include: Hydraulic barriers, constructed wetlands, phytodesalination etc.
Drawback of phytoremediation
Phytoremediation technologies offer several advantages such as more cost-effective, more environmentally friendly, and applicable to a wide range of toxic metals and more aesthetically pleasing method. On the other hand, phytoremediation presents some drawbacks which includes: (i) The presence of multiple types of heavy metals and organic contaminants may pose a challenge, (ii) climatic and hydrological conditions may limit the growth of plants utilized for the remediation purposes (iii) it is a lengthy process, thus it may take several years or longer to remediate a site and it is only applicable to surface soils, (iv) harvested plants biomass may acts as hazardous waste and needs proper disposal, (v) introduction of non-native species may affect the indigenous biodiversity, (vi) the contaminants may still enter the food chain through animals that eat plant material containing pollutants hence risk of food chain contamination in case of mismanagement and lack of proper care. To overcome the possible drawbacks of phytoremediation technology, the genetic engineering may be a suitable approach which may help the plants to develop resistance against abiotic as well as to combat higher concentration of toxic metals. 
Concluding Remark
Phytoremediation is a promising green technology that can be used to remediate heavy metal contaminated soils. There are several technical impairments, which needs to be come up to. Many new hyperaccumulator plant species that have remediative abilities need to be discovered and identified, especially the plants that can contribute to social and economic development of local population, such as industrial species. The understanding of plants regarding metal uptake process and proper biomass disposal is still to be unveiled. Further, research is required to develop the plants with high growth rate, high biomass, improved metal uptake, translocation and tolerance by using genetic engineering for the effective phytoremediation. The complexity of factors that control the efficiency of this technique, such as soils properties, plant species and climatic conditions, fact that more researches need to be conducted.
